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Why should we care about fertility and health? 
reasons for involuntary culling in dairy cows 




Chiumia et al., 2013, J. Dairy Res.; Lainé et al., 2014, Proc. ICAR Meeting 
of cows experience clinical mastitis  
over their lactation 
How to achieve optimal fertility and health? 
Management Breeding 
Pictures from the Walloon Breeding Association (Ciney, Belgium) 
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Milk parameters have a role to play  
Management 
 





 Fat to protein ratio  
 timeliness for insemination 
 BHBA in milk 
 detection of ketosis 
Breeding 
 
 As indicators to supplement  





 selection for udder health 
 Mid-infrared (MIR) predicted 
phenotypes? 
Why indicators are useful for health and fertility? 
 Low heritability of fertility and health ( < 0.10) 
 
 Difficulties in recording relevant phenotypes: 
 
• phenotypes not available or only for a few animals 
• long time required to validate phenotypes 
• data subject to poor quality or censoring 
Which indicators for fertility and health? 
Indicator traits should be: 
 
 
□ genetically correlated with fertility or health 
□ heritable 
□ easy to measure, at a low cost 




Advantages of mid-infrared spectrometry 
Shook, 1989, J. Dairy Sci. 
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Advantages of MIR predicted phenotypes 
 Low cost 
Wide range of traits 
 At population level, even retrospectively 
 Available at each test-day 
 
If: 
• Spectral data are collected, stored and standardized 
• Equations are developed on representative datasets
   
Objective & Outline 
Are MIR phenotypes useful indicators  
to select for fertility and health?  
1. Changes in milk in relation to fertility and health 
 
2. Genetic parameters  
 
3. Inclusion of MIR predicted traits in health and 
fertility breeding programs 
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Negative energy balance affects milk profile 
In early lactation: 
energy intake < energy output 
 
Negative energy balance 
































• ↑ fat  
• ↓ protein 
 
• ↑ urea 
 
• ↑ ketone bodies 
 
• Changes in milk fatty acids profile  
↑ long-chain FA 


















↑ fat to protein ratio  
Changes in milk composition 
de Vries & Veerkamp, 2000; Reist et al., 2002, J. Dairy Sci.; Gross et al., J. Dairy Res., 2011 
In early lactation: 
energy intake < energy output 
 
Negative energy balance 
































• ↑ fat  
• ↓ protein 
 
• ↑ urea 
 
• ↑ ketone bodies 
 
• Changes in milk fatty acids profile  
↑ long-chain FA 


















↑ fat to protein ratio  
Changes in milk composition 
Changes observed overall in the literature 
although not always significant 
Hence, milk profile can be related with fertility … 
de Vries & Veerkamp, 2000; Reksen et al., 2002; König et al., 2008; Martin et al., 2015, J. Dairy Sci. 
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… and ketosis 
In early lactation: 
energy intake < energy output 
 
Negative energy balance 

































• ↑ fat to protein ratio  
 
• ↑ ketone bodies 
 
• Changes in milk fatty acids profile  


















Heuer, 1999; Van Healst, 2008, Van der Drift, 2012, J. Dairy Sci. 



















 Disease response of the cow 
 Reduced secretory activity 
 Alteration of blood-milk barrier 























 Disease response of the cow 
 Reduced secretory activity 
 Alteration of blood-milk barrier 
Hamann & Krömker, 1997, Livest. Prod. Sci.; Brandt et al., 2010, J. Dairy Sci.; Le Maréchal et al., 2011, Dairy Sci. Technol. 
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MIR predicted traits changing during mastitis 
Standardized differences between milk parameters measured before (-45 to -10 d) 
and during a clinical mastitis (-10 to +10 d) N=261 
Significant difference 
Non significant difference 
Significant difference 
Non significant difference 
 Results updated from Lainé et al., 2014, Proc. ICAR meeting 
Objective & Outline 
Are MIR phenotypes useful indicators  
to select for fertility and health?  
1. Changes in milk in relation to fertility and health 
 
2. Genetic parameters  
 
3. Inclusion of MIR predicted traits in health and 
fertility breeding programs 
Which indicators for fertility and health? 
Indicator traits should be: 
 
 
□ genetically correlated with fertility or health 
□ heritable 
□ easy to measure, at a low cost 




Shook, 1989, J. Dairy Sci. 
 
 
But estimates in the literature are scarce. 
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Fertility: genetic correlations are low to moderate 
Fertility 
 Traits measured in early lactation are the most interesting 
 
 Some estimates from the literature  
Milk based trait in early lactation h² Fertility trait rg 
Average milk urea from two 1st test-days 0.13 Calving to 1st  service  0.29 
Fat to protein ratio at 30 DIM 0.16 Calving to 1st  service  0.28 
Content in milk of C10:0 at 5 DIM 0.28 Days open -0.37 
Content in milk of C18:1 cis-9 at 5 DIM 0.13 Days open 0.39 
Log (BHBA in milk) from 5 to 20 DIM 0.14 Calving to 1st  service  0.21 
MIR predicted direct energy balance at 5 DIM 0.20 Days open -0.20 
König et al., 2008; Negussie et al., 2013; Bastin et al., 2012; Koeck et al., 2014, Bastin et al., 2013, J. Dairy Sci. 
Ketosis 
 




 Genetic correlations with clinical ketosis 
 











Blood BHBA 0.52 0.52 
Van der Drift et al., 2012; Koeck et al., 2013 & 2014, J. Dairy Sci.; Ederer et al., 2014, Proc. ICAR meeting 
Milk based trait in early lactation h² rg 
Log (BHBA in milk) at 1st test-day 0.12 (0.48) 
Fat to protein ratio > 1.5 at 1st test-day 0.07 0.35 
Fat to lactose ratio at 1st test-day  0.19 -0.25 
Mastitis: estimation of genetic parameters 
Mastitis 
 
 Genetic parameters were estimated on a dataset of 7033 
Walloon Holstein cows from 77 herds 
 
 2-trait models 
• Clinical mastitis during the lactation (0/1) 
• Traits derived for SCS and MIR predictions 
o Average from 5 to 305 DIM 
o Standard deviation from 5 to 305 DIM 





Mastitis: some MIR predicted traits are of interest 
 
 Standard errors from 0.09 to 0.25 
 
SCS traits are 
highly correlated 
 
Some MIR predicted 
traits are of interest 
 
Genetic correlations between clinical mastitis and MIR predicted traits 
Objective & Outline 
Are MIR phenotypes useful indicators  
to select for fertility and health?  
1. Changes in milk in relation to fertility and health 
 
2. Genetic parameters  
 
3. Inclusion of MIR predicted traits in health and 
fertility breeding programs 
Should we include MIR traits in selection indices? 
Are MIR predicted traits useful: 
 to supplement direct traits in selection indices? 
 to replace direct traits (when not available)? 
 
 
Accuracy of selection indices were 




Fatty acids to improve days open 
Accuracy of a fertility index 
 
  
Trait(s) in the index 
Accuracy of a fertility index  
for a bull having a varying number  
of daughters with records 
N=20 N=50 N=100 
Days open 0.45 0.62 0.75 
C18:1 cis-9 at 5 DIM 0.26 0.32 0.35 
C10:0 at 5 DIM 0.30 0.34 0.35 
C10:0 + C18:1 cis-9 at 5 DIM 0.37 0.44 0.47 
Days open + C10:0 + C18:1 cis-9 at 5 DIM 0.53 0.68 0.78 
 Fatty acids are of interest when days open is not available 
 Combining traits to achieve the best accuracy 
 
Bastin et al., 2014, Proc. WCGALP2015 
Breeding goal = days open 
 
  
Combining various traits to improve udder health 
Trait(s) in the index 
Accuracy of a udder health index  
for a bull having a varying number  
of daughters with records 
N=20 N=50 N=100 
Clinical mastitis (CM) 
SCSm305 
SCSm305 + Nasd305 + Citratesd305 + Acetonem65 
Accuracy of a udder health index 
 
  
CM   = clinical mastitis over the lactation 
SCSm305  = average SCS from 5 to 305 DIM 
Nasd305    = standard deviation of Na from 5 to 305 DIM 
Citratesd305  = standard deviation of citrate from 5 to 305 DIM 
Acetonem65  = average acetone from 5 to 65 DIM 
 
 
Breeding goal = CM 
 
  
Combining various traits to improve udder health 
Trait(s) in the index 
Accuracy of a udder health index  
for a bull having a varying number  
of daughters with records 
N=20 N=50 N=100 
Clinical mastitis (CM) 0.41 0.58 0.71 
SCSm305 0.49 0.61 0.67 
SCSm305 + Nasd305 + Citratesd305 + Acetonem65 0.59 0.71 0.78 
CM + SCSm305  0.56 0.70 0.78 
CM + SCSm305 + Nasd305 + Citratesd305 + Acetonem65 0.63 0.76 0.84 
Accuracy of a udder health index 
 
  
 MIR predicted traits are useful to supplement SCS 
 Combining traits to cover various aspects of udder health 
 





On the choice of indicator traits: 
 
 Accuracy of MIR prediction?  
 Correlations with the trait of interest should be rather considered 
 
 Indicator traits for diseases?  
 Even more interesting if related to subclinical variations 
 
 Desired changes for indicator traits? 
 Traits might have intermediate optimum, e.g. lactoferrin 
 Importance of the time when indicator trait was recorded?   
 Correlations with fertility and health change over the lactation! 






Some additional considerations 
Shook, 1989; Bastin et al., 2012 , J. Dairy Sci.; Hagiwara et al., 2003, J. Vet. Med. Sci. 
On the inclusion of indicators in breeding strategies 
 
 
 Genetic correlations with other economically important traits?  
 Should be verified before inclusion of indicators in selection indices 
 
 Own economic values? 
 Yes, for some traits, e.g., fatty acids for nutraceutical properties of milk 
 
 Also useful in genomic selection? 
 Yes, especially when the h² of the trait of interest is low or if the 
reference population is small 
 Useful when the indicators are collected on both the reference 




Some additional considerations 
Calus et al., 2013; Pszczola et al., 2013, Animal  




 Direct MIR prediction of conception rate or pregnancy status 
 
 Mastitis? 
 Several traits were associated with mastitis 
 Attempts to predict them by MIR considering the detection limit  
e.g. haptoglobulin 
 Ketosis? 
 MIR prediction of ketosis through prediction of BHBA and NEFAs  
in blood 
 Lameness? 
 Very important issue for the dairy industry! 
 In relation to energy balance? 
New potential MIR predicted indicator traits ? 




Further studies are warranted to: 
 
 grasp the underlying relationship among phenotypes 
 
 estimate the genetic parameters of these traits 
 
 further evaluate the use of these traits in genetic  





Mid-infrared predicted traits have a role to play  
in fertility and health breeding programs: 
 
 Given their underlying relationships with energy balance and 
response of the cow to disease 
 If they are genetically correlated with fertility or health  
and heritable 
 Either to supplement direct traits in the selection index  
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